1. The effects of thiamin deficiency during pregnancy and/or lactation on brain Cholinergic system in rat pups were studied. Dietary rehabilitation for a period of 5 weeks from the 28th day was instituted to study possible 'catch-up' in the brain acetylcholine levels. 2. Brain acetylcholine level was found to be significantly decreased on the 21st and 28th days in pups of the dams fed thiamin deficient diet during gestation and lactation, whereas it was decreased on the 28th day in pups of the dams fed thiamin deficient diet during lactation. Activities of Cholinergic enzymes remained unaltered in both the deficient groups. 3. Subsequent dietary rehabilitation was found to reverse the deficits in brain acetylcholine levels.
acetylcholine (ACh) synthesis by virtue of decreased production of acetyl-CoA or by altered ATP synthesis (13) resulting from decreased activity of thiamin de pendent enzyme pyruvate dehydrogenase (14) .
Several studies have revealed that brain ACh levels are significantly lowered in thiamin deficiency induced by feeding thiamin deficient diet or by administration of thiamin antagonists to adult rats (15) (16) (17) . Thiamin deficiency, however, was not found to have any effect on activities of the cholinergic enzymes, acetylcholine esterase (AChE) and choline acetylase (ChAc), in the adult rat brain (17) . There is no report of the study on the effects of early thiamin deficiency on the cholinergic system in the developing rat brain. A critical study of the early deficiency deserves immediate attention due to two main reasons. Firstly, rat brain is well known to be vulnerable to nutritional insults during the first 3 weeks of life (18) . Secondly, beriberi occurs in infants breast-fed by mothers who consume a diet and secrete milk with low thiamin content (19) . These considerations prompted us to study the effects of maternal thiamin deficiency during gestation and/or lactation on ACh levels and the activities of AChE and ChAc in the developing brain of suckling rat pups. Nutritional rehabilitation of the deficient pups was also attempted and the effects on the brain ACh levels were investigated.
METHODS
Adult female albino rats of proved fertility, weighing 180-200g (bred at Haffkine Institute), were used for the study. They were divided into four groups, each of which received specific dietary regimen from the 7th day of gestation:
1. G-L-group: 20% protein diet without thiamin during gestation and lactation.
2. PFC-1 group: 20% protein diet with normal thiamin levels, pair-fed to G-L-group.
3. G+L-group: 20% protein diet with normal thiamin during gestation and without thiamin during lactation.
4. PFC-2 group: 20% protein diet with normal thiamin levels, pair-fed to G+L-group. From the 22nd day onward the pups were individually fed on the respective diet. Rehabilitation regimen was initiated from the 29th day by feeding 20% protein diet, with thiamin, ad libitum. Water was provided ad lib. to all rats. The composition of the diet was same as described earlier (20) . The deficient diet was analysed for thiamin content by thiochrome method and was found to contain trace amounts of thiamin (21) .
Pups were sacrificed by decapitation on the 7th, 14th, 21st, 28th or after rehabilitation on 65th day. The whole brain including olfactory lobes was removed, processed further and ACh levels were estimated by frog rectus abdominus bioassay as described earlier (23, 24) . AChE activity was measured by the method of Ellman et al. (25) . ChAc activity was measured by the method of Fonnum (26) (27) . The results are expressed as mean + SEM and statistical significance was assessed by Student's t-test (28) .
RESULTS
Effects of thiamin deficiency during gestation and lactation Maternal thiamin deficiency during gestation and lactation periods (G-L-) was found to result in significant body weight deficits from the 14th day onwards as compared to the pair-fed controls (PFC-1) ( Table 1 ). The deficits in the body weight at 28th day was 25%. Brain weight was found to be unaltered in the deficient pups . Significant changes in the levels of ACh were noticed only at the age of the 21st and 28th day in the deficient group. It is clear from Table 1 that thiamin deficiency during gestation and lactation resulted in the marked decrease to the extent of 24 and 39% in ACh levels at the age of 21 and 28 days respectively. This, however, did not cause any change in the activities of the cholinergic enzymes (Fig . 1) .
Effects of thiamin deficiency during lactation
Maternal thiamin deficiency during lactation period (G+L-) was found to result into a significant deficit in the body weight from the 14th day onwards to the extent of 35%, on the 28th day (Table 2 ). However, brain weight was not altered as compared to the pair-fed controls (PFC-2). Brain ACh levels were significantly lowered on the 28th day. The deficit in ACh level was 24% as compared to the PFC 2 group. The activities of both the cholinergic enzymes remained unaltered in the G+ L group (Fig. 2) .
Effects of rehabilitation Dietary rehabilitation of the pups of the G-L-group was attempted to study whether the deficits in ACh levels could be reversed. The deficits in body weight and brain ACh level on the 28th day of age was 20 and 39% respectively in the G-Lgroup. At the end of 5 weeks of dietary rehabilitation, body weight deficit was reduced to 8% and brain ACh levels were found to be similar to that of the controls (Table 1) . DISCUSSION Reduced gain in the body weight of rats from the G-Lgroup could be due to earlier depletion of maternal thiamin stores and consequently lesser transfer of the same to the fetus. The body weight profiles in the G-L-group are comparable to the profiles observed by Trostler et at. (28) . Thiamin deficiency during gestation and lactation is known to depress lactose levels in milk of the deficient dams after 18 days of parturition (29) . Whereas substantial decrease in percentage of thiamin transfer to pups takes place after the 14th day postpartum (29) . These two alterations in milk composition of the deficient dams might contribute to a marked decrease in growth of the pups in the G-L-group when compared to that of the G+L-group. The similar alterations in milk composition of G+L-dams may take place much later and thus spare its effect on initial growth period. Dams of the G-L-group consumed less food from the 15th day of pregnancy, i.e. following about 13 days of thiamin restriction in the diet. Whereas dams of the G+L-group showed a decrease in their food intake at around the 14th day postpartum. This difference in the reduced food intake at different time schedules in the experiment has also contributed to obvious differences in the growth patterns of the pups of the deficient groups. Typical signs of thiamin deficiency as reported earlier (30) were apparent by the 22nd day after commencement of feeding thiamin deficient diet. Significant decrease of thiamin levels in liver and also various brain regions were also noticed (30) . The latter in conjunction with the present obser vations suggests that thiamin deficiency seems to affect body weight gain but not the brain weights in spite of the reduced levels of the vitamin in different organs including the brain. Similar observations have also been made by other workers (28, 29) .
Brain ACh levels were reduced at an earlier age in the G-L-group as compared to that in the G+L-group. This can be explained on the basis of earlier precipitation of thiamin deficiency in the G-L-group as elaborated in the case of difference in the body weight gain of both the deficient groups. Early post-natal thiamin deficiency is known to reduce levels of phospholipids, gangliosides, cere brosides and cholesterol in the brain of 14 day old rats (28, 31) . Presently thiamin deficiency was studied during gestation and lactation and hence it is not possible to conclude whether the brain lipids would be affected in the pups of the dams subjected to thiamin deficiency during lactation period alone.
Brain cholinergic enzyme activity was not altered in the thiamin deficient animals. Heinrich et al. also reported unaltered activities of the cholinergic enzymes in the symptomatic thiamin deficient rats (17) .
There have been recent reports suggesting unaltered ACh levels in brains of thiamin deficient animals (32-35), However, thiamin deficiency is known to reduce brain ACh release and utilization (35) . Moreover, inhibition of pyruvate dehy drogenase activity is also known to decrease incorporation of 14C-label from pyruvate to brain ACh (36) . Rat brain ChAc is reported to be undersaturated with acetyl CoA in normal animals (37) (38) (39) . Any further depletion of acetyl-CoA availability may prove to be detrimental to normal ACh synthesis. Susceptibility of neurotransmitter synthesis to the availability of precursors is suggested to be mainly EARLY   THIAMIN  DEFICIENCY  AND  CHOLINERGIC  SYSTEM  223 dependent upon the rate limiting biosynthetic enzymes which require better saturation of their substrates (40, 41) . The question of such phenomenon occurring in the case of ACh synthesis, particularly in thiamin deficiency, should be most closely looked into.
In conclusion, our observations suggest that maternal thiamin deficiency during gestation and lactation precipitates deficits in brain ACh levels of the rat progeny at an earlier age as compared to maternal deficiency during lactation period alone. The brain ACh deficits in the pups are reversed following dietary rehabilitation for a period of 5 weeks.
